Throughout the poultry industry, much attention has been given to welfare issues surrounding appropriate management practices, and Pekin duck production is no exception. The focus has been on flooring and drinking systems for Pekin ducks raised under European management systems [1, 2] . Very little research has been done pertaining to duck welfare, health, and behaviors in the United States. Two recent papers have demonstrated little to no differences on the body condition of ducks raised on pine shavings compared with raised plastic floors [3, 4] . The water supply for the ducks in these studies were closed water lines; and although no differences in welfare and body condition were found between flooring types [3, 4] , the effects these flooring systems may have on duck social and preening behaviors has not yet been described.
guarantee some safety from predators, and these same social behaviors have also been described in commercial Pekin ducks [5, 6] . Preening, which is the process of cleaning and spreading protective oils across the body and feathers, has been described in both wet and dry conditions. Some opine [2, [7] [8] [9] that Pekin duck behavior is adversely affected by the lack of an open water source and that ducks are not able to preen effectively when housed commercially with certain flooring types or water systems; however, these hypotheses have not been specifically tested in United States' management systems. The purpose of the current experiment was to characterize social or group interactions associated with water lines, to characterize preening behaviors, and to compare these behaviors between pine shavings and raised plastic flooring.
MATERIALS AND METHODS

Housing and Birds
Our study was performed on commercial duck farms [10] . The primary difference between the study barns was flooring type (litter, n = 10; raised plastic slats, n = 11). The commercial Pekin strain (Gx) that was used throughout the study was one that has been developed as the primary grow-out meat duck by Maple Leaf Farms [10] . The heat sources for the nurseries were either coal-burning stoves or kerosenefueled brooders, and the brooding protocols were the same in all instances. Ducklings were placed at 1 d of age; after an initial 10-d brooding period in approximately one-third of the house, they were given access to the entire barn. A flock density of 0.16 m 2 per duck, which complies with the recommendation of FASS [11], was maintained across barns. This resulted in 6,350 to 9,550 market-weight ducks per house on litter flooring and 10,000 to 10,300 per house on raised plastic slats. Processing of all ducks occurred when they reached commercial target weights (~3.5 kg) at between 32 and 36 d, and was performed at the Maple Leaf Farms processing facility. Ducks were housed under a 18L:6D cycle (lights on at 0300 h) and fed commercial duck chow ad libitum. All procedures were approved by Hope College Animal Care and Use Committee following Association for the Assessment and Accreditation of Laboratory Animal Care guidelines.
Experiment 1: 24-h Recording of Duck Activity
We first set out to determine general behavior patterns of ducks in a commercial barn across a 24-h period. To observe duck behaviors without the disruption of researchers being present, a video surveillance system was set up in commercial barns (n = 5 per flooring type). High-definition cameras (4 per pen with a total of 8 cameras per barn) with fish-eye lenses were arranged so that at least 98% of the floor was observable. The cameras were attached to a 1-terabyte digital video recorder [12] and ducks were recorded for 3 consecutive 24-h periods surrounding 7, 21, and 31 d of age. Videos were analyzed at a later date by at least 2 separate individuals (interobserver reliability, κ = 0.89). The numbers of ducks that were eating, drinking, walking, sitting or standing, sleeping, and preening were analyzed across the three 24-h periods at each age. These behaviors were averaged among the 3 observation days centered around each age in 3-h time blocks beginning at 0500 h.
Experiment 2: Comparison of Group Drinking and Preening Behaviors by Flooring System Types
A similar video surveillance system as the one used to determine 24-h duck behavior was installed in each as described for experiment 1. Again, ducks were video recorded for 3 d in each barn (raised flooring n = 9; pine litter flooring, n = 7) at ages of 7, 21, and 31 d. Drinking behaviors were divided into 4 categories: individual ducks using a single water nipple (pin), groups of 2 to 3 ducks, groups of 4 to 5 ducks, or groups of more than 5 ducks. The groups were defined in such a manner as to apply to any drinking system; a group of ducks was defined as multiple ducks oriented toward the water source and a duck was not included in the group if it was more than one duck-length away from any duck within the group or was not oriented toward the water source as the rest of the group. A social group of ducks always had free and available water sources nearby, but yet the ducks chose to associate with the group rather than drink from a different available source (nipple or pin, Figure 1 ).
Videos were also analyzed for duck preening behaviors. Preening was characterized as ducks picking at or rubbing their feathers. Data for preening behaviors were collected when ducks were directly under the water lines and in the open floor, away from the water lines. Group drinking and preening behaviors were compared between flooring types.
Statistical Analyses
All data were analyzed using SAS software for the Apple Computer [13] . Comparative statistics were completed with either a Student's tTest or ANOVA if more than 2 variables were analyzed. A P < 0.05 was considered statistically significant.
RESULTS AND DISCUSSION
Experiment 1: 24-h Recording of Duck Activity
At each age the ducks were generally most active 2 times per day, between 0800 and 1100 h and again between 1800 and 2100 h. Duck activities within both these time blocks were similar. Within these time periods, approximately 63% of ducks were under the water lines and approximately 50% of these ducks were actively drinking. The ducks that were under water lines but not drinking were typically preening or sitting.
When not under water lines, approximately 14% of the ducks were eating, 7% were walking, and 16% were sitting during these most active hours of the day. The least active time of day was between 0200 and 0500 h when the vast majority (>95%) of ducks were sleeping. These observations are in agreement with those reported previously [14] .
Experiment 2: Comparison of Drinking and Preening Behaviors by Flooring System Types
Duck behaviors were analyzed between 0800 and 1100 h, as that was determined in experiment 1 to be a time of peak activity. Figure 2 shows the number of total ducks drinking per barn across each of the 3 ages. No differences were observed between flooring type at ages 7 and 31 d. There were fewer (P < 0.05) single ducks drinking (not in groups) on the raised flooring as compared with the litter flooring at all 3 ages. At all ages on both flooring types, the majority of ducks were drinking in groups of 2 to 3, though occasionally in groups >5. The social drinking behaviors at each age are illustrated in Figure 3 .
No differences were noted in the percentage of ducks observed preening, whether under the waterlines or in the open floor, away from the water lines. Furthermore, no differences in the percentage of preening ducks by flooring type were observed, again regardless if the ducks were under the water source or not. Figure 4 illustrates preening behaviors of ducks.
The purposes of our study were to characterize commercial Pekin duck social behaviors associated with water lines, to characterize preening behaviors, and to compare these behaviors between pine shavings and raised plastic flooring. Both group drinking and preening behaviors were defined a priori and we determined no significant difference in the grand number of ducks drinking at any age. Fewer single ducks were observed drinking while not in a group on raised floors than litter floors at all ages. When preening behaviors were observed, we found that there was no significant difference in the percentage of birds preening themselves under the water lines as opposed to away from the water lines. Likewise, no significant difference was noted in the percentage of birds wet or dry preening on raised versus litter floors.
Dry preening, as defined by Jones and Dawkins [1] , is when a duck nibbles or strokes its feathers without the use of water. During wet preening, the duck collects water in its mouth or places its head into the water stream and then distributes the water over the feathers, followed by nibbling or stroking of the feathers [1, 2] . In our study, we observed equal numbers of ducks preening regardless of association with water, and the flooring type had no effect on the amount of preening. It has been suggested that water lines do not allow for effective preening in Pekin ducks [7] [8] [9] . However, this hypothesis has not been tested in a specific scientific, peer-reviewed manner; but previous reports have shown that ducks housed with water lines alone are able to wet preen (for an overview, see [15] ). Previous studies from our laboratory indicated that the same ducks as observed in the current study had excellent body condition scores, suggesting ample wet preening may occur with water lines or pin-metered water systems [3, 4] . In our study, as well as others [3, 4, 14] , we have demonstrated that ducks housed under water lines in the United States typically have excellent body condition scores, including eye scores, feather cleanliness and quality, and foot pad quality. The concept of wet versus dry preening has been described in duck welfare publications [2] ; however, this distinction in preening behaviors or the necessity of both has never been described by ornithologists, despite decades of publications that provide detailed descriptions of preening in wild ducks [16] [17] [18] [19] [20] [21] . As stated in the review by Rodenburg et al. [15] , wet preening can actually occur with water lines and perhaps sufficiently to allow ducks to effectively preen; alternatively, no actual distinction between wet and dry preening may exist. A thorough study of preening behaviors in wild dabbling ducks is necessary to shed light on this issue. Because few ducks were observed preening conspecifics, it is unclear if preening is a social behavior rather than a maintenance behavior. More observational study of wild ducks would need to be done to characterize preening as a social behavior. Whereas preening may not be a social behavior, drinking clearly is. In wild mallards, drinking is usually done in groups to ensure some safety from predators [5, 6] . Even without the threat of predators, commercial Pekin ducks continue the social aspect of drinking. We observed far more ducks drinking in groups than drinking as individual birds. Ducks actually sought out Figure 4 . Preening behaviors of ducks. Ducks preen equally whether or not they are near the water source. Flooring type has no effect on these behaviors. [3, 4, 14] . We also observed a decrease in the number of ducks drinking alone on raised floors as opposed to pine shavings at all ages. It is possible that drinking alone may be a displacement for other behaviors, such as foraging. In studies in the United Kingdom it has been posited that ducks raised on straw bedding are able to forage [2, 15] . Although not specifically studied, ducks have been observed foraging for feed or insects through pine litter shavings [22] . Thus, it is difficult to understand why fewer ducks were observed drinking alone on raised plastic flooring compared with pine litter. More research is needed to understand this particular behavior of ducks; however, no indication that drinking alone is the result of stressful or negative environment was seen, nor does it appear to be an example of a stereotypy.
CONCLUSIONS AND APPLICATIONS
Ducks most often drink in groups despite
having available drinking resources elsewhere. 2. Ducks occasionally drink while not in groups, and this may not be a sign of distress. 3. Preening occurs equally as often both with and without the use of the water source. 4. Water lines proved to be an adequate resource for wet preening as evidenced by exceptional feather quality and condition of ducks.
